
https://doi.org/10.1177/1947603520921448

Cartilage
2021, Vol. 13(Suppl 1) 1092S–1104S
© The Author(s) 2020
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/1947603520921448
journals.sagepub.com/home/CAR

Clinical

Introduction

The articular cartilage has limited intrinsic regenerative capac-
ity due to its low cellularity and lack of blood supply.1 
Chondrocytes are arranged within the articular cartilage and 
are surrounded by compact extracellular matrix (ECM), which 
prevents their migration to sites of injury. Therefore, injuries in 
the articular cartilage are associated with impairment of joint 
function and pain. It may further result in osteoarthritis.1-3

Following the initial report of Brittberg et al.,4 there have 
been several other reports of the clinical outcomes of articu-
lar chondrocyte-based autologous chondrocyte implanta-
tion (ACI) treatment.5-8 The reproducibility and durability 
of restored cartilage structure and function, as well as the 
cost-effectiveness of this procedure is controversial.9 
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Abstract
Objective. To compare the efficacy and safety of costal chondrocyte–derived pellet-type autologous chondrocyte 
implantation (CCP-ACI) with microfracture (MFx) for repair of articular cartilage defects of the knee. Design. Thirty 
subjects with an International Cartilage Repair Society (ICRS) grade 3 to 4 chondral defect (2-10 cm2 in area; ≤4 cm3 in 
volume) were randomized at a ratio of 2:1 (CCP-ACI:MFx). Twenty patients were allocated in the CCP-ACI group and 
10 patients in the MFx group. CCP-ACI was performed by harvesting costal cartilage at least 4 weeks before surgery. 
Implantation was performed without any marrow stimulation. Efficacy and safety were assessed at weeks 8, 24, and 48 
after surgery according to the magnetic resonance observation of cartilage repair tissue (MOCART) score and clinical 
outcomes. Results. MOCART scores improved from baseline to 24 and 48 weeks postoperatively in both treatment 
groups. The improvement in MOCART scores in the CCP-ACI group was significantly greater than that in the MFx 
group at 24 and 48 weeks (39.1 vs 21.8 and 43.0 vs 24.8, respectively). The proportions of complete defect repair and 
complete integration were significantly higher in the CCP-ACI group than the MFx group at 48 weeks. Improvement in 
Lysholm score and KOOS subscores, including Function (Sports and Recreational Activity) and knee-related quality of 
life was significantly greater in the CCP-ACI group than the MFx group at 48 weeks (35.4 vs 31.5, 35.7 vs 28.5, and 27.9 
vs 11.6, respectively). Conclusion. Treatment of cartilage defects with CCP-ACI yielded satisfactory cartilage tissue repair 
outcomes, with good structural integration with native cartilage tissue shown by magnetic resonance imaging at 24 and 48 
weeks after surgery. Level of Evidence. Level 1: Randomized controlled study.
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Moreover, the possibility of donor site morbidity has always 
been an issue in articular chondrocyte–based ACI treat-
ment. Nonarticular cartilage, including nasoseptal, auricu-
lar, and costal cartilage, has been suggested as an alternative 
cell source for articular cartilage regeneration.10-12 Donor 
site morbidity is low when harvesting costal cartilage, 
which has been used widely as a graft source for rhino-
plasty.13 Also. costal cartilage is the largest permanent hya-
line cartilage in the mammalian body, and it contains active 
chondrocytes.14 Both costal and articular cartilage are 
derived from the somites, which appear as bilaterally paired 
blocks of paraxial mesoderm in the embryo. Due to its good 
surgical accessibility and expandability in vitro, Lee et al.15 
and Isogai et al.16 previously reported that costal cartilage 
was a promising source of chondrocytes for hyaline carti-
lage regeneration. Chondrocytes derived from costal carti-
lage were comparable to those obtained from articular 
cartilage. Moreover, they showed superior expandability 
and better capacity to generate hyaline-like cartilage tis-
sues. Costal chondrocytes could produce superficial zone 
proteins in vitro and showed the capacity for articular carti-
lage regeneration.

CartiLife (Biosolution Co., Ltd., Seoul, Korea) is a 
small pellet-like ACI manufactured from chondrocytes 
in the subject’s own costal cartilage, followed by expan-
sion culture and 3-dimensional pellet culture. In the first 
human study (phase I clinical trial), the feasibility, safety, 
and efficacy of costal chondrocyte–derived pellet-type 
autologous chondrocyte implantation (CCP-ACI) for 
treatment of full-thickness cartilage defects of the knee 
were analyzed.17 Costal chondrocytes of all subjects 
formed pellets of homogeneous size, which showed simi-
lar characteristics to hyaline cartilaginous tissue, that is, 
lacunae-occupying chondrocytes surrounded by glycos-
aminoglycan and type II collagen-rich ECM. There were 
no serious treatment-related adverse events during the 
5-year follow-up period and significant improvements 
were seen in all clinical scores compared with the preop-
erative baseline.

Microfracture (MFx) has gained popularity because of 
its less invasive approach in addition to its low cost and 
technical simplicity.18 MFx surgery consists of performing 
multiple perforations to the subchondral bone which allows 
access of reparative progenitor cells to the cartilage lesion.19 
The repaired cartilage consists of fibrocartilaginous tissue. 
There is accumulating evidence suggesting degeneration 
and deterioration of the fibrocartilaginous tissue 1.5 to 5 
years, postoperatively.20 MFx, despite its drawbacks, is the 
most popular treatment for articular cartilage defects of the 
knee.21

This randomized controlled trial was performed to 
compare the efficacy and safety of CCP-ACI and MFx 
for treatment of cartilage lesions in subjects with injured 
or defective articular cartilage of the knee.

Materials and Methods

Study Design
This prospective, randomized, open-label, multicenter 
study was designed to evaluate the efficacy of CCP-ACI as 
compared with that of MFx. A total of 30 subjects with an 
International Cartilage Repair Society (ICRS) grade 3 to 4 
chondral defect (2-10 cm2 in area; ≤4 cm3 in volume) were 
randomized at a ratio of 2:1 (CCP-ACI:MFx). Safety and 
efficacy were assessed on hospital visits at weeks 8, 24, and 
48 after surgery. Subjects were randomized at a ratio of 2:1 
because an imbalanced randomization provided adequate 
subject exposure to CCP-ACI for assessment of safety. In 
order to reduce the predictability of assigned groups, block 
randomization was applied with permuted blocks of 6, and 
the treatment group and the control group were assigned in 
2:1 based on the block size. Allocations were kept in 
sequentially numbered and sealed envelopes.

The study was approved by Korea’s Ministry of Food 
and Drug Safety, as well as the institutional review boards 
of the institutions that participated in this study. The study 
was registered at ClinicalTrials.gov (NCT03545269), and 
all subjects provided written informed consent.

Subjects

A screening test and magnetic resonance imaging (MRI) 
evaluation were conducted in subjects with articular cartilage 
damage or defects of the knee who provided written informed 
consent to participate in the study, to determine their eligibil-
ity according to the inclusion/exclusion criteria. Eligible sub-
jects were assigned randomization numbers, and donor 
tissues were collected from the CCP-ACI group.

The inclusion criteria were as follows: (1) age 19 to 65 
years; (2) 2- to 10-cm2 lesion in the knee joint cartilage due 
to acute or repetitive damage (total volume ≤4 cm3); (3) 
full-thickness, local ICRS grade 3 to 4 lesion on the medial 
or lateral femoral condyle or trochlea, with relatively healthy 
cartilage adjacent to the defect (ICRS grade 1-2); (4) joint 
space of the subject knee maintained over 50%; (5) indepen-
dently mobile; (6) agreed to follow the recommended phys-
iotherapy, including home exercises; and (7) provided 
informed consent to participate in this clinical study.

Subjects with inflammatory arthropathic disease (e.g., 
rheumatoid arthritis or gouty arthritis), Kellgren and 
Lawrence (KL) grade of 3 or higher, arthritis associated with 
autoimmune disease, history of hypersensitivity to bovine 
protein or gentamycin, hemophilia, other tumors in addition 
to articular cartilage defects of the knee, past history of radio-
therapy or anticancer treatment within the past 2 years, or 
pregnant or breast-feeding women were excluded.

A total of 32 subjects were screened and enrolled in this 
clinical trial, of whom 2 were randomized but then excluded 
from the intention-to-treat (ITT) analysis; 1 withdrew con-
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sent and the other did not fulfill the inclusion/exclusion cri-
teria (Fig. 1).

There were no significant differences between the 2 
groups in any of the baseline characteristics. The ICRS 
grade and defect size were assessed by MRI during screen-
ing, including the defect area and volume. The average area 
was 3.5 ± 1.4 cm2 for the CCP-ACI group and 2.5 ± 0.4 
cm2 for the MFx group. The average volume was 1.6 ± 0.8 
cm3 for the CCP-ACI group and 0.8 ± 0.4 cm3 for the MFx 
group; these values were significantly different (P = 0.001). 
There were no statistically significant differences in other 
ICRS items between the 2 groups (Table 1).

Preparation of the Costal Chondrocyte–Derived 
Pellet-Type ACI

In the CCP-ACI group, a cartilage biopsy specimen was 
obtained from the costal cartilage at least 4 weeks before 
surgery. Under general anesthesia, costal cartilage biopsy 

samples of approximately 200 to 500 mg were obtained 
from the 8th, 9th, or 10th costal cartilage region, according 
to the size of the articular cartilage defect. The cartilage 
biopsy was stored in sterile Dulbecco’s modified Eagle’s 
medium, which was sent to the Good Manufacturing 
Practice facility at Biosolution Co., Ltd. for isolation and 
culture of autologous cells. During pellet culture, chondro-
cytes are initially aggregated, and induced to differentiate 
into cartilage to produce their own ECM that is similar to 
the natural ECM of hyaline cartilage. The final product was 
packaged into 5-mL prefilled syringes (Fig. 2A). Detailed 
description on the preparation is presented in the previous 
phase 1 clinical trial of CCP-ACI.17

Surgical Procedure and Rehabilitation

In the treatment group, CCP-ACI was implanted into the 
defect area through miniarthrotomy of the knee. The carti-
lage defect was prepared by removing all damaged cartilage 

Figure 1.  Flowchart of study population recruitment.
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down to the subchondral bone. No marrow stimulation pro-
cedure was performed. Before applying CCP-ACI, as much 
blood and fluid were removed from the defective region as 
possible. An intravenous (IV) catheter (14 gauge; BD 
Medical, Sandy, UT, USA) was connected to the prefilled 
syringe, and the pellets were implanted into the defect by 
slowly pushing the plunger of the syringe to the height of 
the adjacent cartilage (Fig. 2B and C). Fibrin glue 
(Greenplast; Green Cross Corp., Yongin, Korea) was 
applied to the top of the defect to fix the pellets. The fibrin 
glue was allowed to set for 5 minutes. A manual range of 
motion (ROM) test of the knee was performed 5 times 
before wound closure to ensure pellet fixation.

In the MFx group, after identification of the chondral 
lesion, unstable cartilage and calcified layer was removed 

using shaver and curette, including cartilage loosely 
attached to the adjacent rim. Multiple holes were made on 
the subchondral bone plate using an MFx awl. The holes 
were located perpendicular to the subchondral bone surface. 
Bleeding was observed after reduction of the fluid pressure. 
The holes were approximately 4 mm apart. Intra-articular 
drain was not used.

All subjects were encouraged to complete a postopera-
tive rehabilitation program after surgery. Continuous pas-
sive motion within 24 hours after surgery was recommended 
and continued for 4 to 6 weeks. Partial weightbearing walk-
ing was recommended 2 weeks after surgery and gradually 
increased up to 6 weeks posttransplantation, followed by 
full weightbearing for 6 to 12 weeks to maximize tissue 
repair.

Table 1.  Demographic Data and Baseline Characteristics.

CCP-ACI Group MFx Group P

Patients, n 20 10  
Gender, male/female, n (%) 14 (70)/6 (30) 3 (30)/7 (70) n.s.
Age, y, mean ± SD 41.5 ± 13.0 47.2 ± 10.8 n.s.
  <50 y, n (%) 11 (55) 6 (60) n.s.
  ≥50 y, n (%) 9 (45) 4 (40)
BMI, kg/m2, mean ± SD 24.7 ± 3.5 25.1 ± 2.4 n.s.
  <25 kg/m2, n (%) 12 (60) 3 (30) n.s.
  25-30 kg/m2, n (%) 6 (30) 7 (70)
  ≥30 kg/m2, n (%) 2 (10) 0 (0)
Activity level, n (%)
  Nonathletes 15 (75) 9 (90) n.s.
 A thletes 5 (25) 1 (10)
Lesion site, n (%)
  Condyle 9 (45) 7 (70) n.s.
 T rochlear 11 (55) 3 (30)
Etiology, n (%)
 T rauma 10 (50) 0 (0) 0.007
  Osteoarthritisa 7 (35) 4 (40)
  Unknown 3 (15) 6 (60)
KL grade, n (%)
  1 13 (65) 6 (60) n.s.
  2 7 (35) 4 (40)
ICRS grade, n (%)
  3 5 (25) 1 (10) n.s.
  4 15 (75) 9 (90)
Defect area, cm2, mean ± SD 3.5 ± 1.4 2.5 ± 0.4 n.s.
  <4 cm2, n (%) 15 (75) 9 (90) n.s.
  ≥4 cm2, n (%) 5 (25) 1 (10)
Defect depth, mm, mean ± SD 4.6 ± 1.7 3.2 ± 1.4 n.s.
  <6 mm, n (%) 16 (80) 10 (100) n.s.
  ≥6 mm, n (%) 4 (20) 0 (0)
Defect volume, cm3, mean ± SD 1.6 ± 0.8 0.8 ± 0.4 0.001
  <2 cm3, n (%) 14 (70) 10 (100) n.s.
  ≥2 cm3, n (%) 6 (30) 0 (0)

CCP-ACI = costal chondrocyte–derived pellet-type autologous chondrocyte implantation; MFx = microfracture; BMI = body mass index; KL = 
Kellgren and Lawrence; ICRS = International Cartilage Repair Society; n.s. = not significant.
aSymptomatic and radiographic osteoarthritis according to American College of Rheumatology clinical classification criteria for osteoarthritis of the knee.
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Efficacy Assessment

The primary efficacy endpoint was the changes in magnetic 
resonance observation of cartilage repair tissue (MOCART) 
score at 48 weeks after surgery compared with the time of 
screening. The MOCART score, used to evaluate the 
repaired cartilage tissue, is based on the extent of defect 
repair, integration with border zone, structure, signal inten-
sity and quality of the surface of the repaired tissue, integrity 
of the subchondral lamina and subchondral bone, degree of 
adhesion, and degree of synovitis.22-24 The final MOCART 
score was calculated based on the mean scores obtained by 2 
independent orthopedic specialists who were blinded and 
not involved in the treatment of patients in the present study.

Secondary efficacy endpoints were as follows: (1) 
changes in the Lysholm score, International Knee 
Documentation Committee (IKDC) score, Knee Injury and 
Osteoarthritis Outcome Score (KOOS), and visual analog 
scale (VAS) pain score (100 mm scale) at each visit (weeks 
8, 24, and 48) compared with the date of surgery; (2) 
changes in the ROM at each visit compared with the date of 
surgery; (3) weightbearing radiographs were taken at each 
visit and compared to the date of surgery; (4) MRI assess-
ment (MOCART score) at week 24 compared with the time 
of screening; and (5) analgesic administration status.

Safety Assessment

Safety was assessed during visits to the hospital at weeks 8, 
24, and 48 after the surgery. Safety assessment criteria are 

as follows: (1) physical assessment; (2) adverse events; (3) 
vital signs, laboratory tests; and (4) MRI (presence of 
outgrowth).

Statistical Analysis

Analysis of covariance (ANCOVA) was used to compare 
the groups regarding the MOCART score, Lysholm score, 
IKDC score, VAS pain score, KOOS, ROM, and radiogra-
phy status, with the analgesic administration status during 
the washout period (before surgery and before the date of 
outpatient visit) and the baseline scores being used as 
covariates. Group differences in the mean changes in 
scores were assessed, after validating the normality of the 
data, using the independent t test or Wilcoxon’s rank sum 
test. Descriptive statistics (frequencies, percentages) 
regarding the analgesic administration status (to manage 
knee pain during the washout period) are presented. 
Categorical data were analyzed by the chi-square test or 
Fisher’s exact test, and frequencies and percentages are 
presented. To test for group differences in mean MOCART 
change scores (baseline vs. week 48 after surgery) accord-
ing to cartilage defect type and size, body mass index, and 
age, the independent t test or Wilcoxon’s rank sum test was 
used depending on the normality of the data. In all analy-
ses, P < 0.05 was taken to indicate statistical significance. 
The present study was evaluated in an exploratory clinical 
trial (phase 2). Therefore, the number of samples was not 
calculated through a statistical method.

Figure 2.  (A) Costal chondrocyte–derived pellet-type autologous chondrocyte implantation (CCP-ACI) via a 5-mL prefilled syringe. 
(B) Animation showing procedures for CCP-ACI. (C) Image showing CCP-ACI applied to the defect site with fibrin glue applied to fix 
the pellets.
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Results

Changes in MOCART Score at Weeks 24 and 
48 after Surgery

Mean scores and changes in MOCART scores obtained 
before and after surgery are presented in Table 2 and Figure 
3A. At 48 weeks after surgery, the MOCART score increased 
by 43.0 ± 13.1 in the CCP-ACI group and by 24.8 ± 19.7 in 
the MFx group, compared with the baseline (Table 2). The 
extent of change (relative to baseline) was statistically sig-
nificant in both groups (CCP-ACI group, P < 0.0001; MFx 
group, P = 0.003), and was significantly greater in the CCP-
ACI group than the MFx group (P = 0.002; Table 2). At 48 
weeks after surgery, the rates of complete defect repair (20% 
vs. 15%; P = 0.004; Fig. 3B and C, Table 3) and complete 
integration (85% vs. 30%; P < 0.0001; Fig. 4A-C, Table 3) 
in the CCP-ACI group were significantly greater than those 
in the MFx group (Fig. 4D and E).

As the secondary efficacy endpoint, MRI scans were 
performed at week 24 and the MOCART score was obtained. 
The score increased in both groups compared with baseline, 
by 39.1 ± 11.7 in the CCP-ACI group (P < 0.0001) and 
21.8 ± 18.5 in the MFx group (P = 0.005). The degree of 
change was significantly greater in the CCP-ACI group 
than the MFx group (P = 0.001; Table 2).

Subgroup Analysis

Subgroup analysis were performed according to the sex, 
age, body mass index, activity level, cause of articular car-
tilage defects, lesion site, KL grade, ICRS grade, defect 
area, depth, and volume. In most subgroups, the difference 
of MOCART score at week 48 was superior in the CCP-
ACI group compared with the MFx group (Supplemental 
Material). None in MFx group had defect depth ≥6 mm or 
volume ≥2 cm3. Despite CCP-ACI group tend to have 
larger defect size, CCP-ACI group showed superiority in 
the change of MOCART score at week 48 from baseline 
over MFx group.

Subject-Reported Clinical Outcomes

Clinical scores including Lysholm score, KOOS subscale 
scores, and IKDC score increased at weeks 24, and 48 com-
pared with the baseline in both the CCP-ACI and MFx 
groups (Table 4). The changes from baseline of the Lysholm 
score at weeks 48, KOOS-Sport/Recreation score at weeks 
48, and KOOS-QOL score at weeks 24 and 48 of the CCP-
ACI group were significantly higher than those of the MFx 
group. There was no significant difference in the extent of 
change in IKDC score between the 2 groups, at any time 
point (Fig. 5).

During the study, all subjects in both groups received 
acetaminophen as an analgesic. The pain VAS decreased 
significantly at weeks 24, and 48 compared with the base-
line in both groups (Table 4). There was no significant dif-
ference in the extent of change in pain score between the 
two groups, at any time point.

Range of motion

There was no statistically significant difference between the 
2 groups in degree of change in ROM compared with 
baseline.

Radiography

Neither group showed severe deformation or abnormalities 
after treatment.

Safety Endpoint

There were no abnormal findings related to changes in vital 
signs or physical measurements during the study period. In 
physical examinations, all subjects were normal and there 
were no abnormal findings.

Adverse events occurred in 19 of 30 subjects; 13 (65%, 
20 cases) were in the CCP-ACI group and 6 (60%, 14 cases) 
in the MFx group (Table 5). Adverse events related to treat-
ment were observed in 2 subjects (10%) in the CCP-ACI 

Table 2.  MOCART Scores.a

CCP-ACI Group (n = 20) MFx Group (n = 10) P

Baseline 18.1 ± 11.3 18.8 ± 10.2 n.s.
Week 24  
  MOCART score 57.25 ± 8.27 40.50 ± 16.41 0.011
  Change from baseline 39.13 ± 11.71 21.75 ± 18.49 0.001
  P <0.0001 0.005  
Week 48  
  MOCART score 61.1 ± 10.5 43.5 ± 19.1 0.012
  Change from baseline 43.0 ± 13.1 24.8 ± 19.7 0.002
  P <0.0001 0.003  

MOCART = magnetic resonance observation of cartilage repair tissue; CCP-ACI = costal chondrocyte–derived pellet-type autologous chondrocyte 
implantation; MFx = microfracture; n.s. = not significant.
aValues are means ± SDs.
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group (postprocedural hematoma and postoperative adhe-
sion), and were resolved without sequelae.

Outgrowth confirmed by MRI occurred in four subjects 
(20.0%) in the CCP-ACI group and two subjects (20.0%) in 
the MFx group (P = 1.000). All were confirmed to be mild 
and ongoing.

Discussion

In this randomized controlled study, CCP-ACI showed sig-
nificantly higher efficacy compared with the control treat-
ment MFx in terms of structural improvement of cartilage 
defect area, when cartilage tissue repair was evaluated 
objectively by MRI (MOCART score). Comprehensive 

Table 3. R adiological Evaluations Using MOCART Score Measured at 48 Weeks after Surgery.a

Variables CCP-ACI Group, n (%) MFx Group, n (%) P

Degree of defect repair and filling of the defect
  Complete 8 (20.0) 3 (15.0) 0.004
  Hypertrophy 28 (70.0) 5 (25.0)
 I ncomplete 3 (7.5) 5 (25.0)
    >50% of the adjacent cartilage 1 (2.5) 2 (25.0)
    <50% of the adjacent cartilage
    Subchondral bone exposed 0 (0.0) 2 (10.0)
Integration to border zone
  Complete 34 (85.0) 6 (30.0) <0.0001
 I ncomplete
    Demarcating border visible (split-like) 5 (12.5) 4 (20.0)
    Defect visible
      <50% of the length of the repair tissue 1 (2.5) 6 (30.0)
      >50% of the length of the repair tissue 0 (0.0) 4 (20.0)
Surface of the repair tissue
  Surface intact (lamina splendens intact) 13 (32.5) 1 (5.0) 0.043
  Surface damaged
    <50% of repair tissue depth 21 (52.5) 11 (55.0)
    >50% of repair tissue depth or total degeneration 6 (15.0) 8 (40.0)
Structure of the repair tissue
  Homogenous 7 (17.5) 1 (5.0) n.s.
 I nhomogeneous or cleft formation 33 (82.5) 19 (95.0)
Signal intensity of the repair tissue
  Dual T2-FSE
  I  sointense 7 (17.5) 2 (10.0) n.s.
    Moderately hyperintense 32 (80.0) 14 (70.0)
    Markedly hyperintense 1 (2.5) 4 (20.0)
  3D-GE-FS
  I  sointense 7 (17.5) 2 (10.0) n.s.
    Moderately hypointense 32 (80.0) 14 (70.0)
    Markedly hypointense 1 (2.5) 4 (20.0)
Subchondral lamina
 I ntact 13 (32.5) 7 (35.0) n.s.
  Not intact 27 (67.5) 13 (65.0)
Subchondral bone
 I ntact 9 (22.5) 6 (20.0) n.s.
 E dema, granulation tissue, cysts, sclerosis 31 (77.5) 16 (80.0)
Adhesions
  No 40 (100.0) 20 (100.0) n.s.
  Yes 0 (0.0) 0 (0.0)
Synovitis
  No synovitis 36 (90.0) 15 (75.0) n.s.
  Synovitis 4 (10.0) 5 (25.0)

MOCART = magnetic resonance observation of cartilage repair tissue; CCP-ACI = costal chondrocyte–derived pellet-type autologous chondrocyte 
implantation; MFx = microfracture; FSE = fast spin echo; FS = fat-suppressed; n.s. = not significant.
aSince the MOCART scores were obtained from the 2 clinicians, the n number is twice the number of subjects.
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analysis of symptoms and functional improvement of the 
knee joint confirmed that the extent of change in endpoints 
was similar between the groups, and higher on some end-
points in the group treated with CCP-ACI compared with 
the controls.

MOCART scores in the CCP-ACI group showed superior 
results compared with MFx group. MOCART score sub-
group analysis showed that defect filling and degree of inte-
gration was superior in CCP-ACI group compared with the 
MFx group at 48 weeks after surgery. CCP-ACI is engineered 
cartilage that uses costal cartilage to manufacture a pellet 
type ACI. Therefore, it is presumed to be far more superior in 
term of structural integration compared to MFx in which the 
reparative progenitor cells from the subchondral bone has to 
regenerate the fibrocartilaginous tissue.

Subject-reported clinical outcomes showed similar 
results between the 2 groups except for the Lysholm score 
and KOOS subscores, including Function (Sports and 
Recreational Activity) and knee-related quality of life. MFx 
is known to have good subject-reported outcome scores in 
short term data.25 However, MFx has been linked to signifi-
cant detrimental effect on the architecture of subchondral 
bone.26 Furthermore, results of MFx has been known to 
deteriorate over time.27 In contrast, a recent systematic 
review reported comparable subject-report outcomes scores 
of MFx to ACI in up to 5 years of follow-up.28 A longer 
follow-up data of subject-reported outcome scores is needed 
for the present study.

CCP-ACI involves the use of autologous chondrocytes 
taken from the subject’s own costal cartilage. Costal carti-
lage, the largest permanent hyaline cartilage in mammals, is 

derived from the somites, similar to articular cartilage, and 
includes chondrocytes, water, and a matrix composed of 
type II collagen and glycosaminoglycan29-31; it has been 
widely utilized in plastic and orthopedic surgery as a source 
of autologous cartilage tissues.32-34 The costal cartilage has 
the advantage of containing chondrocytes, which remain 
active even after the age of 80 years.14 Moreover, because 
of the simple noninvasive tissue collection method, costal 
cartilage is considered a useful source of cells for treating 
various articular cartilage abnormalities, such as joint 
injury, osteoarthritis, and articular cartilage defects in 
elderly patients.35

Costal cartilage is also considered an excellent source of 
grafts for primary and revision rhinoplasty,13 laryngotra-
cheal reconstruction,36 canal wall reconstruction,37 and 
auricular reconstruction.38 The incidence rates of long-term 
complications and donor site morbidity associated with car-
tilage harvesting are low. A previous study showed that 
hypertrophic chest scarring was the most common compli-
cation after graft harvesting.39 Harvesting of rib cartilage 
has been criticized for its high rates of donor site morbidity, 
especially pneumothorax.40 However, the incidence of 
pneumothorax after harvesting of rib cartilage is very low,39 
and unlike harvesting for rhinoplasty, the amount of carti-
lage needed for ACI is small. Therefore, the risk of pneu-
mothorax is expected to be lower than for other procedures 
requiring large amounts of cartilage. However, dissection 
should always be performed carefully to prevent pneumo-
thorax. In the present study, ribs below number 8 have been 
selected for the harvesting of rib cartilage because ribs 
below 8 overlies the abdominal cavity.

Figure 3.  (A) Magnetic resonance observation of cartilage repair tissue (MOCART) scores of the costal chondrocyte–derived pellet-
type autologous chondrocyte implantation (CCP-ACI) group and microfracture (MFx) group at baseline, 24 weeks, and 48 weeks after 
surgery.
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Figure 4.  (A1) Preoperative magnetic resonance imaging (MRI) scan showing osteochondritis dissecans at lateral femoral condyle. 
(A2) Postoperative costal chondrocyte–derived pellet-type autologous chondrocyte implantation (CCP-ACI) 48-week MRI scan 
showing less satisfactory defect repair and integration. (B1) Preoperative MRI scan showing cartilage defect at trochlea. (B2) 
Postoperative CCP-ACI 48-week MRI scan showing satisfactory defect repair and integration. (C1) Preoperative MRI scan showing 
cartilage defect at trochlea. (C2) Postoperative CCP-ACI 48-week MRI scan showing very satisfactory defect repair and integration. 
(D1) Preoperative MRI scan showing cartilage defect at medial femoral condyle. (D2) Postoperative microfracture (MFx) 48-
week MRI scan showing poor defect repair and integration. (E1). Preoperative MRI scan showing cartilage defect at trochlea. (E2) 
Postoperative MFx 48-week MRI scan showing satisfactory defect repair and integration.

There have been previous reports of attempts to harvest 
cartilage for ACI. Mumm et  al.10 utilized chondrocytes 
from the nasal septum to engineer an autologous nasal 
chondrocyte-based graft. Nasal chondrocytes can be 
obtained from a small biopsy specimen under minimally 
invasive conditions; this previous study showed promising 
results after a 2-year follow-up. The tissue-like properties 
of the graft, however, required the surgeon to perform a 
mini-arthrotomy, whereas CCP-ACI can be administered 
under arthroscopy.

Autologous costal cartilage cells in CCP-ACI are prolif-
erated in two-dimensional culture, and are then cultured 
3-dimensionally to form small pellets surrounded by ECM 
secreted by the cells themselves, which is similar to natural 
hyaline cartilage.17 Due to ethical reasons, the present study 
did not carry out biopsy and histological analysis of the 
repaired tissue in the clinical trial. However, animal experi-
ment results support the possibility that the cartilage tissue 
repaired through CCP-ACI implantation is hyaline 
cartilage.
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Experiments involving CCP-ACI into nude mice, rab-
bits, and goats confirmed that transplanted chondrocytes 
secreted ECM and integrated well with the surrounding 
tissues to form articular cartilage with a hyaline cartilagi-
nous appearance.41 Transplantation experiments in goats 

showed that the mechanical strength of the regenerated 
cartilage reached the level of normal cartilage. Nonclinical 
studies also confirmed that there were no chromosomal 
abnormalities in long-term culture, no impact on other 
organs, and no toxicity.

Table 4.  Subject-Reported Clinical Outcomes.a

CCP-ACI Group (n = 20) MFx Group (n = 10)

  Baseline 24 Weeks 48 Weeks Baseline 24 Weeks 48 Weeks

Lysholm score 47.5 ± 20.3 73.5 ± 15.5 82.9 ± 8.4 39.1 ± 15.4 65.1 ± 16.9 70.6 ± 12.0
  P 0.0008 <0.0001 0.0006 0.0001
IKDC score 38.2 ± 12.5 57.0 ± 13.6 66.5 ± 15.0 30.6 ± 14.7 51.7 ± 13.3 57.5 ± 14.8
  P 0.0002 <0.0001 0.0003 <0.0001
Overall KOOS 47.9 ± 17.1 67.1 ± 10.4 75.5 ± 10.7 41.5 ± 17.5 59.5 ± 14.3 66.4 ± 14.0
  P 0.002 <0.0001 0.001 0.0003
    Symptoms 54.1 ± 23.0 78.9 ± 10.7 83.2 ± 11.8 50.7 ± 16.0 72.9 ± 15.5 76.4 ± 14.7
      P 0.0001 <0.0001 <0.0001 0.001
    Pain 58.2 ± 17.3 77.5 ± 8.3 83.9 ± 9.0 47.8 ± 18.8 71.4 ± 12.8 79.7 ± 14.6
      P 0.0001 <0.0001 0.001 0.001
  A  DL 68.4 ± 14.7 82.7 ± 10.9 87.8 ± 9.8 56.8 ± 18.4 77.1 ± 12.3 83.7 ± 12.8
      P 0.002 0.0001 0.002 0.0001
    Sport/Rec 28.8 ± 26.7 44.8 ± 25.2 64.5 ± 19.8 18.0 ± 16.4 38.0 ± 23.5 46.5 ± 20.4
      P n.s. 0.0001 0.013 0.002
    QoL 30.0 ± 18.4 51.7 ± 16.1 57.9 ± 17.0 34.2 ± 17.8 38.3 ± 19.3 45.8 ± 16.3
      P 0.001 <0.0001 n.s. 0.050
100 mm pain VAS 59.3 ± 17.5 24.6 ± 16.2 15.9 ± 15.4 65.5 ± 18.2 26.6 ± 17.6 20.3 ± 12.8
  P <0.0001 <0.0001 <0.0001 0.002

CCP-ACI = costal chondrocyte–derived pellet-type autologous chondrocyte implantation; MFx = microfracture; IKDC = International Knee 
Documentation Committee; KOOS = Knee Injury and Osteoarthritis Outcome Score; ADL = activities of daily living; Sport/Rec = Sports and 
recreation function; QoL = quality of life; VAS = visual analogue scale; n.s. = not significant
aValues are means ± SDs.

Figure 5. G raph showing clinical outcomes scores.
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Table 5. A ll Adverse Events.

Adverse Events CCP-ACI Group, n (%) MFx Group, n (%)

Eye disorders
 E ye pain 0 (0.0) 1 (7.1)
Gastrointestinal disorders
  Constipation 4 (20.0) 0 (0)
  Dental cyst 1 (5.0) 0 (0)
  Nausea 3 (15.0) 2 (14.3)
 E sophagitis 0 (0) 1 (7.1)
  Vomiting 1 (5.0) 2 (14.3)
Infections and infestations
  Bacterial vaginosis 0 (0) 1 (7.1)
  Chronic sinusitis 1 (5.0) 0 (0.0)
 R hinitis 0 (0.0) 1 (7.1)
  Upper respiratory tract infection 1 (5.0) 0 (0.0)
  Viral upper respiratory tract infection 0 (0.0) 2 (14.3)
Injury, poisoning and procedural complications
  Chemical eye injury 1 (5.0) 0 (0)
  Postprocedural hematoma 1 (5.0) 0 (0)
  Postoperative adhesion 1 (5.0) 0 (0)
Metabolism and nutrition disorders
  Dyslipidemia 0 (0) 1 (7.1)
Musculoskeletal and connective tissue disorders
  Back pain 1 (5.0) 0 (0)
  Musculoskeletal pain 1 (5.0) 0 (0)
  Neck pain 1 (5.0) 0 (0)
 T emporomandibular joint syndrome 0 (0) 1 (7.1)
Nervous system disorders
  Dizziness 1 (5.0) 1 (7.1)
  Headache 1 (5.0) 0 (0.0)
Renal and urinary disorders
  Calculus urinary 0 (0) 1 (7.1)
Skin and subcutaneous tissue disorders
  Dermatitis contact 1 (5.0) 0 (0)
Total cases, n (%) 20 (100) 14 (100)

CCP-ACI, costal chondrocyte–derived pellet-type autologous chondrocyte implantation; MFx, microfracture.

This method involves production of small pellets that are 
fixed to the defect area using biocompatible materials 
(medical adhesives, etc). Procedures can be carried out 
through less invasive approaches, such as minimal arthrot-
omy and arthroscopic procedures. As such procedures 
involve the use of autologous chondrocytes and autologous 
ECM secreted by the cells, survival rates of cells are high at 
the implantation site without an immune response. They are 
also advantageous in terms of shortening the time required 
to repair articular cartilage.

CCP-ACI is a safe and effective therapeutic option with 
no associated issues regarding immune rejection, carcino-
genicity, or human immunodeficiency virus (HIV) infection 
risk, as it regenerates damaged tissue using somatic cells 
harvested from the patient’s own tissues. Historically, ACI 

has been known for its high up-front costs and favorable 
cost-efficacy estimate when view over a long-term period.42

This study had some limitations, especially with regard to 
the fairly short follow-up period. Nevertheless, MOCART 
scores at both 24 and 48 weeks showed superior outcomes of 
CCP-ACI compared with MFx. To analyze the long-term effi-
cacy of CCP-ACI, MRI data will be acquired at the 5-year 
follow-up. Second, the number of subjects was small. 
However, a future phase III, multicenter clinical study is being 
planned to evaluate the efficacy of CCP-ACI. Third, this study 
included both trochlear and condylar defects, which may 
show different clinical results. Fourth, lesion size that was 
considered for CCP-ACI or MFx was relatively large for 
MFx, which may have adversely affected the outcomes of 
MFx.
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The findings of this randomized controlled trial showed 
that CCP-ACI achieved satisfactory repair of cartilage tis-
sue defects; there was good structural integration with 
native cartilage tissue, as shown by MRI evaluations at 24 
and 48 weeks after surgery.
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